collides with particle (r 1 , u 1 ), resulting a net alignment of two particles as shown in Fig. 4f of the main text. Particle (r 2 , u 2 ) collides with particle (r, u), which has no direct contribution to nematic alignment as shown in Fig. 4e of the main text.
Supplementary Discussion
In highly dissipative quasi-2D system, the applied random drivings along the major axes of elliptic particles will trigger mutual collisions among particles, which cause particle's instant lateral and rotational movements 10, 42, 43 . Such collision-induced motions cease soon after collision due to friction and other dissipations, and take place again upon next collision event. Here, we give a detailed analysis of dynamic mean-field model which takes these microscopic kinetics into account. The calculation here shows the mechanism of low density ordering as a consequence of collision-induced rotations and dissipation. It also reveals that dynamic instabilities of bending fluctuations in deep nematics will take place in high density regime.
Considering a particle that is driving instantaneously in the plus direction (+u) as described in
Methods of the main text, the collision rate (κ + ) relating to this particle can be decomposed into two parts. One part is caused by its own motion along its long axis, which is denoted as κ c+ . The other part is caused by other particle's collisions on it, which is denoted as κ p+ . As shown in Supplementary Figure 1, for particle (r, u) these collision rates are given by
where we have used the notations in the main text. Furthermore, the step function Θ(x) = 1 if x > 0 and Θ(x) = 0 if x ≤ 0, and δ(x) is Dirac-δ function.
These collision rates can be simplified as:
Similarly, we have the collision rates for those particles that are driving instantaneously in the
where κ c− is the collision rates caused by the particle's own driving motion in its minus-end direction, and κ p− is caused by other particle's collision on this particle when it is moving in the minus-end direction.
We assume that the rotation rate of particle caused by collisions is proportional to collision rate.
The direction of rotation is determined by the relative positions of colliding particles, as shown in Fig. 4e ,f of the main text. For particle that is driving instantaneously in the plus direction (+u), the rotation rate is given by:
where σ r is the average rotational amplitude triggered by one collision event. The first term in Eq.
(7) is related to collision rate κ c+ , the second and third terms are related to κ p+ . After integrating the geometry parameters (η, ξ), we have
Similarly, the rotation rate for particle that is driving instantaneously in the minus direction −u is given by
The most simplified dynamic equations that include the driving-and collision-induced rotation processes are given by
where R = u × ∂ u and the meaning of every term has been described in the Methods section after
Eq. (7) of the main text. Now, we focus on the total number distribution f (r, u) = f + (r, u) + f − (r, u), and the dynamic equation for f (r, u) is obtained by adding two equations in Eq. (10),
where f m (r, u) = f + (r, u) − f − (r, u), and the accompanied dynamic equation is
The rotational terms ω + f + + ω − f − and ω + f + − ω − f − are given by:
and
When v/L ≪ k, we expect that f m /f is small. Using adiabatic approximation, and including
terms up to two-body interaction and neglecting terms O[( v Lk
) 2 ], we have
From Eq. (15), we can show that the spatial variation of nematic order may induce local polarity field. The polarity field is defined by p(r) = ρ ∫ duu, we have
where we have discarded high-order terms in the expansion of f (r, u). The second term on the righthand side of Eq. (15) is a two-body interaction term, which will be treated later after Eq. (18) and is important for the instability of nematic order. As shown in Fig. 2e of the main text, the spatial variation of density is not significant as compared with the discontinuity of nematic order near the topological defects, which leads to
where v 0 = v and τ = k −1 .
To obtain a closed dynamic equation for f (r, u), we can substitute Eq. (15) into Eq. (11), which is given by:
where
We can redefine f (r, u) → f (r, u)L 2 and v → v/L to reduce the length dimension in the dynamic equations.
In the homogeneous condition, neglecting the spatial variations, we have:
where near the isotropic solution is given by f (u) = (2π)
is the nematic order parameter andn is the unit vector of nematic director. The linearized dynamic equation for S is given by
The isotropic nematic transition takes place when
In the case that the self-rotational diffusion D r is small or driven velocity is large, the isotropic nematic transition can take place at very low density as we have observed in simulation.
The dynamic equation also predicts the instability of nematic director field, which destabilize large scale nematic alignment and may further lead to the spontaneous creation of topological defects as shown in our simulations. In active nematics, various instabilities of nematic order have been predicted when density field and nematic ordering fields are coupled together 16,27,30,44 . Such instabilities imply instantaneous creation of spatial density inhomogeneity. In high density region in our active simulation, however, local particle density is not changing significantly at the beginning of the spontaneous creation and traveling of topological defects. It implies that the uniform nematic director field could be unstable alone 16,45,46 . Let's suppose that the system is deep in uniform nematic order and the fluctuations of nematic director are taken into account. It is convenient to choose a coordinate system with the x-axis along the director of nematic orders. Then, the distribution function can be expanded as
The nematic order parameter Q ij = ρ(r)
given by:
So the magnitude of nematic order S = a 1 /2 and the fluctuation of nematic director δn y (r) = ε 1 (r).
Here we focus on the dynamical stability of nematic director field by itself. The linearized dynamic equation of δn y (r) is given by
and the dynamic equation for a n is given by 1 2 ∂ t a n = −2D r ρn 2 a n − 4σ r vLnρ 2 (−1) n na n 2π(4n In the deep nematic phase, i.e., ρ ≫ 3πDr 2σrv
, we have a 0 = 1 and a n = 2 for n = 1, 2, 3, · · · . Eq. (26) can be simplified as for bending fluctuations 16, 45, 46 . On the other hand, splay deformation is linearly stable. It is easy to see that the fourth and fifth terms on the right-hand side of Eq. (26) lead to the dynamic instability. These two terms originate from the second term on the right-hand side of Eq.
(18) and fourth term on the right-hand side of Eq. (19). The ways that they lead to the instability are illustrated in Fig. 4g -h of the main text.
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